Worcester, B-chromosomes reached maximum frequencies at mid-altitudes in large populations, declining both towards the summit and in the small, isolated lowland populations. It is suggested that Bs in Crepis are excluded from populations growing under sub-optimal conditions. B-frequency in a population at East Wretham Heath, Norfolk, remained constant over three generations despite a very strong accumulation mechanism operating in C. capillaris. Selection must operate against individuals with one or more B-chromosomes to maintain this constancy.
Introduction

B-chromosomes have been known in Crepis capillaris
for many years and have been found in populations from as far apart as Switzerland (Rutishauser, 1960) and Britain (Whitehouse et at., 1981) . The Bs from both these sources are small metacentric elements about one-third the length of chromosome C, the smallest member of the standard complement, suggesting that these Bs have a common origin.
The structural similarity of these two B-accessions has recently been reinforced. C-banding studies show that repetitive DNA sequences occur on each side of the centromere in both accessions. Maluszynska & Schweizer (1989 and personal communication) have recently demonstrated ribosomal cistrons symmetrically placed in both arms of the B from both Swissderived and British material by silver staining and by in situ hybridization of an rDNA probe. This indicates that the B has an isochromosomal organization. This conclusion has been reported by for British-derived B-chromosomes demonstrating symmetrical hair-pin loops in surface-spread preparations of synaptonemal complexes from pollen mother cells.
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As well as structural similarity, the Bs from these two widely separated sources show common behavioural characteristics. They undergo directed somatic non-disjunction so that the floral parts usually contain a higher number of Bs than the roots or leaves (Rutishauser & Röthlisberger, 1966; Parker et a!., 1989) . Bs also affect the chiasma-forming properties of the A-chromosomes, although the details of the B-effect differ between the Swiss accession (Brown & Jones, 1976) and all the British accessions (Parker et aL, 1990 ).
The B-chromosome's polymorphism is thus wide spread and presumably ancient in C. capiltaris across a large proportion of the species range (Western and Central Europe; Babcock, 1947) . Very little information exists on the geographical distribution of the Bs, and the structure and behaviour of B-containing populations is unknown. In view of this deficiency, and coupled with the highly effective transmission behaviour, which should lead to a strong drive in populations, it is of great interest to investigate natural populations containing B-chromosomes.
In this paper the status of B-chromosomes in British populations of Crepis capillaris is recorded. A general survey of Britain has been carried out as well as detailed observations of B-frequency within populations from a single small area in lowland England. In addition, a population has been followed over 3 years to assess whether changes in B-frequency occur. 
Materials and methods
Materials
Methods
Root-tips and young leaves were treated with 0.05 per cent coichicine solution for 2 h, fixed in 1:3 acetic alcohol, and stained by the Feulgen-orcein method. Capitula (buds) were fixed in 6:3:1 alcohol:chloroform: glacial acetic acid, and squashed in 2 per cent lactopropionic orcein to study meiosis.
Results
B-chromosome distribution in Britain
In the general survey, 40 populations from a wide variety of habitats were sampled from England, Wales and Scotland. A minimum of 20 plants was examined from each population to give a total of 1021 plants.
B-chromosomes have been found in 11 of these populations (Table 1) .
There is a very clear geographical pattern associated with the Bs which appears to reflect a North/South divide ( Fig. 1 Estimates of the frequency of B-chromosomes in natural populations of Crepis capillaris will vary depending on the stage of the life-history which is studied. Thus estimates based on B-numbers in meiocytes will exceed those derived from somatic tissues such as roots or leaves as a result of accumulation due to directed non-disjunction during floral initiation (Parker et al., 1989) . In this study, 18 of the populations were examined solely at meiosis and the other 22 by analysis of root-tip cells. However, if we consider only the proportion of plants with B-chromosomes all 40 populations can be compared. Of the 1021 plants examined, only 37 (3.6 per cent) carried B-chromosomes (Table 1 ). The 11 B-containing populations comprised 264 individuals; in these populations the overall proportion of plants with Bs was 14 per cent. The maximum B-frequency was observed in a field-margin population from Sidmouth, Devon, in which 25 per cent of the plants carried Bs.
The B-number per plant caimot be directly assessed except in the four B-containing populations scored from root-tips. In these, 11 lB and a single 2B plant were found. In the plants scored at meiosis in PMCs, 24 had two B-chromosomes per PMC while a single plant had 4B. If we assume regular doubling during floral initiation these would correspond to lB and 2B somatic constitutions, respectively, but this cannot necessarily be assumed (Parker et aL, 1989 Samples were taken along four transects up the hill, a total of 20 populations in all (Fig. 2) . The transects had different aspects: Elmley Castle (EC) north-facing, Ashton under Hill (AH) east, Kemerton (KE) south, and Bredon's Norton (BN) south-west. Four samples were also taken from near the summit (SU) and one from the plain near Beckford (BE) to the south-east (Fig. 2) . The minimum sample size was 31 individuals (Beckford) and the mean number of individuals sampled per population was 54.1. A total of 1082 plants from this area were scored for B-number by root-tip analysis of seedlings (Table 2) . B-chromosomes were found in 16 of the 20 populations on and around Bredon Hill (Fig. 2) . The overall average proportion of plants with Bs in these populations, however, was only 8. A direct correlation of B-frequency with altitude, however, must be treated with some caution since the populations sampled also differ in size. They may be roughly categorized as Small (0-25 individuals; 5 populations), Medium (26-50; 6 populations), and Large (5 1-100; 9 populations) ( Table 2 ). B-frequencies for these three classes are 0.028, 0.049 and 0.148, respectively. Thus B-frequency may be partly dependent on population size although population size itself may be a reflection of the suitability of the habitat for C. capillaris. Under the environmental conditions prevailing on and around Bredon Hill, the low altitude populations are small and isolated in predominantly 
Discussion
B-chromosomes are a widespread component of the genetic system of Crepis capillaris. They have been reported from Germany (Barthelmiss & Bauchinger, 1962) , Switzerland (Rutishauser, 1960) , France and Britain (Parker et at., 1989; this paper) . Crepis capillaris has also spread widely around the world as an adventive, and Bs have also been dispersed: Bs occur in plants collected in north India (Kaushal & Mehra, 1976) . On the basis of morphology, DNA composition, and pre-meiotic and meiotic behaviour it is 1 Km F- clear that the Swiss and British Bs are very similar and may have a common and presumably ancient origin (Rutishauser & Röthlisberger, 1966; Jones etal., 1989; Maluszynska & Schweizer, 1989; Parker et al., 1989) .
BE
Despite numerous experimental studies of the In M inaculatus, B-chromosomes are found in populations in the south and east of Britain which are climatically more optimal for grasshoppers (Hewitt, 1973) . Correlations of B-frequencies with temperature gradients have been demonstrated in East Anglia (Hewitt & Brown, 1970) and, on a small scale, with microclimate on a disused lead mine in Wales (Hewitt & Ruscoe, 1971) . Perhaps Bs are tolerated only in populations which are not under severe selective stress.
In C. capillaris, B-distribution on Bredon Hill suggests that altitude, or some associated environmental variable, is influential in determining frequency.
Maximal B-frequencies are attained at mid-altitudes, with a decline towards the summit and into the lowlands. It is possible that the effects of population size and associated factors are confounding here. Small populations have low B-frequencies, or are without Bs entirely. Such populations are likely to be relatively inbred, and a notable feature of B-systems is that they are found only in outbreeders (Jones & Rees, 1982) . however, has a very powerful accumulation mechanism into meiocytes, and transmission through both pollen and eggs is about 0.8 per B, rather than the expected 0.5 (Parker et a!., 1989) . The expectation is that Bs should increase in frequency in the population over generations, giving both more plants with B-chromosomes and higher numbers of Bs in any one individual. This is not the case; B-frequency seems to remain fairly constant over generations, at least in the EWH population. The limited data from this population suggests that 2B plants fail to flower, which will reduce overall B-number. The selection pressure is insufficient to maintain the equilibrium in the face of enhanced transmission, and selection must operate against lB individuals at some phase of the life-cycle. Robinson & Hewitt (1976) 
